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Abstract of JP2000196152 

PROBLEM TO BE SOLVED: To markedly improve a 
semiconductor light emitting device in external quantum 
efficiency, by a method wherein a light takeout plane is 
turned rugged to be improved in light takeout efficiency so as 
to more efficiently take out light emitted from a light emitting 
part. 

SOLUTION: Projections 9 formed like semicylindridal lenses 
are provided on the surface of a P-type GaN layer 4. As 
mentioned above, in a light emitting device where the P-type 
GaN layer 4 is turned rugged, light obliquely incident on a 
light takeout plane is capable of passing through the light 
takeout plane corresponding to an angle which incident light 
makes with the rugged surface. Even the totally reflected 
light is repeatedly reflected, and when it is incident on the 
surface of the rugged part at a normal angle smaller than a 
critical angle, it is capable of passing through the light 
takeout plane. As a result, a semiconductor light emitting 
device can be markedly improved in efficiency to take out 
light emitted from an active layer 3, that is, in external 
quantum efficiency. 
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&#$ tiz x r> izxm 9 as Lwizwa&m-r *>tix 
Z b £ ftWLb -r & tmftz&t^. 

wis £. izm%&m&t>mi- htix ^zzbztmb-t 

& mtw&^w-?>±.izm : t tztvtz&ffl&sM t . mi 
mx&nmni.izmfbtimft&tt-f o ft m 

^ i: & «^ fc -r s i 

i- i^s^mmx-m^tix £ immt-t &m 

[Striae ] mrieigftttusti. Boiss-fk^^^t 

hmtt-tz> z t z nmb -tzmxm i ~ 5 wrm* 
i ^ztm<^mwmm^-. 

m^im&^wnmmi,zmm&*-m*>h y->*>y 

MieK-^ b zmz&immmmztimzithJLn 

miF-'-tyhZtti-fz&gmzM&'t&JMb , 

shs**:^ znmbrz^mfcKxm^cowmxm. 
im&msi mi&mmimm-&msj:mcomz. m 
^im&^#e>&mzwazmi8.-tz>TMZ z^iz 

mmm.mn. mimm^scta^ti^z^tx^m. 

£it«$*v? A (Mg) £-&*L£SSl<^I 

b. m?&i<r>m<7)±<.zmm2titi& (au) 

[00013 



aN, InGaN, G a A 1 N&fc'CDg-fM^¥^f*JI 
[0002] 

iw&ey&m m{ktfvvj*<,zttmzti&m<m&*m 
[0003] c:c:t% ^istciivvt tmwm%*?m>tei 

bit. B, I n,Al,Ga t |. I .,. l) N (0£x£K 0 

gy^i. oszsi ) ^r^»a«^T-^$n?.iii-v 
^joiT u ^ ( p ) *?mm (as) Kb'Ztt-rzi&fB 
[0004] mim&tmtezm^xz&tr'f h 

(LED) ^^ttW— F=Sr ir^fBt^Sr^-f i» - 
i: dzX 0 . ^n*-CS»T'fc-o^^^^«v^l- 

ftZtlX^Z. 

[0005] mim&^ftzm^te^mwz&t 
m=F<7y-m b lx l e d zmizmfxmw-t §.010 

li. S!*^gfl:fe^^*LEDOBfBffi)tSr^-r«fct; 

iat-s>s. sawLEDii^ -t7r-frs« 

1 0 1 <0±tCG a N A' 7 7 7l ( BStf ) . . nIG 
aN1102 > I nGaNfBftfl 03. pIGaNi 

i o 4 jwm&xe?* ^A-/uj£ft£ix;tttJiS;£3r-f s . 

4fc. I nGaNMll 03fei^pIGaNll 0 
4W— S?^X/^->-^|^*§^T. nlGaNH02 
3!) ^ S!±5^^^TV^S. pSGaNai0 3±tC{ipffllSBH 

®Ei 1 37&^^six. -eco— mzw.%m±mc?>tmm 

1 0 7 1 p i^^f -f >-^m«B 10 6 iimm SixT 
*7t. nIGaNll 0 20±lC(±nfflimfii 1 0 5 

[0006] ^Oid^ffiJt^V^Tti. pfinmsio 

1 3T'J!£tf ^>fl, pSGaNJll 03)5^nlGaNl 

i o 2izm$zt> i &xzt\.x?&£L. zcomzmwm&i 

1 3^S3iL-Cf--y7*WcIX0aiSitS. 
[0007] 

IftPJitfm&LUb-f&Wm} bZZ>tf. SlOici?!! 
[0 00 8] -r^-i3*>. GaNW^K^t y7*t43. 
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mwwutn&tf&KK&t ti>iz, tmi>±z 

[0009] £tZ. Ga.N<Dm$rm*2. 67bJz%^ 
tilsblZ. BWJ3H«*a*2 1. 9Jtfc**>T>hSvi. o£ 

5rV>. f- yTcO^StCAR (anti-reflection : RStfiS 

tmaFm&z&mvT: VP-* 

[0 0 10] ZZX\ ^BXOaitffi-C'&SpSaGaNJI 
ktfX'ZZ. U*»U WCi&ViZmfctZKMzlipW 

l:K-try/Loo, JIv>pSGaNJl£-^j£;LJ:3 k 

i-4 t . awtiBwBaefi*^-*-* k ^ a fr^ens 
[ooii] *5i B s±. *^i.a>?wpswt2is^a^ 

**«wfcaww 4 c k 4^*^t^ay : -e 

<^6t*Jfe*!t«-f 4 Zbtzbi. 
[00 12] 

[^S£fif&-f 4 ;£#>?)#©] ±EaWS3lBJWftfc 
k U JW^FSWfc^WfcSrtW-* -I k 4 . 

[0013] zzx\ *5m<omt L\">$mcr>mmt l 
x. mim&iz. mim&*m#<r)&mizm?t>n. m 
mwatfikv- htittmm.famwmwcr>$mi l z\i. $ t> 

l,zmft<&m%tf&W$>tiX^hc\ k 5r1f©k-r4 . 
[0014] 4fc«. tBK*«#«JlHIHSi. 

T^4^k$r^Sk-t4. 

[0015] ffflB*m»*»3iami. ¥fi=5ri£ 

k, ffiEt%&*w±ttftht&x&*irt'&%XL 

OitiUIk, fc**., luiEDflCiti, 15E30R 9 Si Ul*> 
&&tzWt$>1xX^Z>Zb Sr^ak-T4. 
[00 16] WEajtettfcffi^TOWEBfllfta 

j|m#tt. itnes3tttmiE«k^gMffi<o<tifi^*5v^ 

KffiT£-£4.rk#-C£4. 

[ooi7]*fc. wieaBettmBi. WESHHttfR* 



£5fc#L£&lffi6t£Tlf4dk#T#4. COftMfc 
LTli, N i tfctePtfcfflV^ClktfStU"*. 
[0018] — *«TOO*PW*JftMS^F«)«3ft»«fe 

<±. fw&ztth&itwktmwt&m-hjakb. 

£-£3fUrt:&JBJI£*Ha-f4lSk* SfrfEF-^r-fc 

h t/i^ae £ ^*-r 4x§k . meaftMX¥ 
«tu m&nmmtfLZxmz&TZitzzbtfX'is 

4. 

[0019] zzx\ mi&mszmm-h mixno 
S5(c, miE^^ i t i »*^B^iaini^^^-r4x^ 

»cSttTS*ft^*-r4^kS:^SkL. ftcO&OSb 

[0020] ifc. firlE&gJik L/C, ffEBftttft? 
mW<&%ffi\ l ZimZiX-?'7*i'Vl± (Mg) £-£3fL*: 

tineis i omotizmmztitz & ( a u ) 

*>A>^r4^2<7)«^^tJtcOk-r4k. J$ftH£f/i££&S 
6ty::fflsT£-£4 £ k 4 . 
[002 1] 

OWt^JBt-^v^RW*. Hll±. WWW* 
tt»*^£*rfl«l!fc4Q'C&*. -T3:;b*>, HBO 

7Ti(iStf) . nSGaNJ12, InGaNM 
S3. P SGaNJi4 3^JIR«MiS*UtflBt*irt*. 
4fc. I nGaN^feii3*5«}:U : pSGaNJi4<±S^ 
WCX-y^^^TftSS^lT. nSGaNS2*»'SSaj§n 

tv->s. piGaNi4^)±cii. — »tc«aoaitw^ 

^l7#M$flTV^. -e-UT. pSGaNJ!4k 

imm <?>±.\z\t. pffm)tii3MM$ii. 

TV^4. nSGaNJB2<0±Ktinffll«ffi5*^ 

[0022] *SKB<DttS»W«a*>tAfcoli. pIGa 
N 1 4 <7)*B tDflfl«OllII**tt «f V » S jSfc h 4 . 

H^U/cWCfcV^tJi, piGaN!4^ 

B(c^ y y H o ■ v vx&nffltonVM 9 im&Z 

tlX^h. P aGaNJ14<0a®$rC:OJ:^^DI-r4 
S:5S[#-r4C:k* J T'§4. 

[0023] -r^*^^ ,010^ Liz®&m<?>i. ~> lz 
ft<rM*)\£lMtPmX'h&b. Stt«3*^Scai$ix 
fcft<Di*>T. JBlViiiLmzftLxmi-ftl:*)^*^ 

&mnmx®#>tz?J!iLtzyti&. ^si*$ix4. ^ixt 
ttLx. ^^(T^tm^iza^xii. ^tixoait®^ 

fctx9\-mizm«)miz>zbtfX'Z&£oiz*ch. t 
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X'ZhXoiztth. 

[ 0 0 2 4 ] o£ 0 . ^<^®«<05fcIX9£tiU5O*§ 

[00251 4ft, *5B»BJBfc*SVvcH;. plGaN 
■S>^(2:u-y Hl^vXt tTtf^ffl-fS. ^T, £*t£ 

[ 0 0 2 6 3 . <fc £¥^&3Sft3t^ t 5 

tAto OlfSt^ 2 , p S G a N Jf 4 <7>%Mttffi<Z-? 7* 

mzmm-tiotz. *muzt$^-c 
x-?y*>"yj±£ GaNi4 ?>$mmizim.Zitfz& 

Cl(7)J:3'5:a^(07 , a-feXCJ;-oT, pIGaNI 
4 OSlBftSficD* -v U 7i&g£±#2-tf\ 3^«S 1 3 

[00 27] iWi^t^WiPlG 
aN14 (Cffi$ftft£ H-ty/n;i:CJ:-5 

pMGaNJ14tO rffljf&ftj SrElSTS^ k fC§ 
S. -ftciy-h* *»9UC*SVvri±. pSGaNJf4«D^ 
ffiKG!]iS£I*»t&rt:tf>fc:. GaNS4$r3b&SSJS<?& 
L*»U pffflm@tO^--5-y^^ 

y^L^r?. GaNJf 4£J?<f£iH--5>i: r ®^flj 3^ 

-i.. 

[0 0 283 ZtllzXLX. *ftmz£tLli. Jfcftf£fc 
-?:/*->^.k£^A-f£<0T\ p3!GaNJl4<?3j£:R£ 

r ffi^fiJ 2r*S< C: t=3r< . GaN|4^ 
H < l£:f|-f & CI k tfsimt % h . 

[ o o 2 9 ] mz. *%*ms&tm=f-<r>wik-%&<r)&te 

[0030] 025.1/0312:. ^^(T^iM^WB 



^.OilJ, 01£^L7tA-A*rtM88ffLfc8Ji®<7>— & 

[003 1 ] i-f. P10 (a) iZ&LKXotz. t7r 
^TSSlf)lt. la^L^rV^GaN^N'-y^rJl, nS 
GaNJ12. InGaN^3\y§3. p!GaN14M 

aasflj***-*. m&im&t lti±. moc 

VD (metal-organic chemical vapor deposition) 
ft. A'fK^'f KCVDS. iSUtiMBE (molecula 
rbeam epitaxy) 3rk'<7):frft£^f &C1 ktft'^S . 
[0032] ifctC. 02(b) izmLtlX o £. UitX 
h h. Afm(=U. pIGaNI4(7) 
RWCl^^XbSrMffit. PEP (photo-engraving pr 
ocess) fttJO^-xy^LT. «ffc<WT3:X r- 

M-^-y^frW^ftJi. vS1±« 3*^^1X0 ill L® 

^ft&ftS&feft^ k* t=JC tT jgSftSTf h £ k 

5 -f mmmffsm^ *n-?tm. s ? o viug k -r s c 

[003 3] 02 (c) tC^UftiatC, 

[0 0 34] #.(,Z. 02 (d) tC^LftidC. l^i^X 
Ws*?->'3 0Omic2:pl!GaNJf4k:tK^i-&. A 
fifcWWi:. U-/XhA7-y3 0<^)±*^RlE (reac 
tiveion etching) ^^S'jy/ (ion milling) 

^3 0^WI<5i:x-y^>-^$fx. -eoT^pSG 
aN®4tHliXi-/^->'^$ixi>. ^^i^CU. p 

[003 5] Vi?XY^f—>3 0?Mffl&1jt 

JIttf*OpSGaNJi4<7)^®D!]Ci<508!r®^kc7) 

Mffii. 3i-v1->'7&&cr>ik&l,z£-oX®g.ZtlZ. -f 
^irip^. V~SZ.hrtt—V3 0cr>x.-y^><7Tm.l l Zftl, 
X. pSGaNa4<7)X-yf->'^'jtgO^-*^v^Ji^^ 
(i. pSGaN04Offli[!iti. 

^SlCittT. pSGaNS4<7)X-x^>-^aJS<7)^r* < 
pSGaN«40[HCi(i. U-->*xhv\-^ 

-yiotss^fxi.. ^t. pSGaN«4<7)iiaini 
ii, ^^h/N'^-ySOsoSiB^bx-xf-y-jrsS? 
Jtk ZmS.W6$-t& Z b lz X K)&IW?& - 1 h . 

[0036] 03 (a) t^tftJ:3(c. £i\ 
DDCi^Kr Jill UcpIGaN14 ^IftCM g 

(V^->^A) @4 OkAu (&) ®4 2$rWI^JI§ 

l, sytoarts-r. -ret*. Mga4o^aJSti^ttf 

10nm, Aui4 2«0H*(±^^tf 1 0 0 nrnttl. 
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;k#t*4. eymcom.*. 3 0 0-CiJLtk 
-fS^htiOSif^m^t^ixi.. 0U»f. 7 50 
"CT2 OgHSS«777^i7-- ^£ trf.lt 

dOlStiO. Mg#GaNUf 4cO^® 

/ifct£f*L-c. s®co*^y7*&g£+w*;s<-f&:: 

k#T£S. Au (i)14 2ti. \,^bUp& 

r*vy7mi tLTWm-th. tttt. Mgl40 
£0_kfcAuJI4 2£l£{-M>,LkJ:9. Mgl4 0Jri 
U !SlX!iS|c7)BICc:Mg*^^-r-I.Cli:5rRS±L'C. Ga 
N«4^cOMgcoffitfc£{gM-f& Ik 

[00 37] iIT, MgJfkAuJfcORJUfjISriifil 
•fSffcbOfc. MgJIkln M y^A) JI£«J1L 
T(,gV\ ifctt. Mgft I nJf fcAuJIS-mJILT 

GaNJi4CD*l®ft3£fc. Mg k k tfc I n t> 
JMfcU WJfrWfcl nGaN<OSSJI#Jgj£$ixS. I n 
GaNli. G a N fc JtKLTAy K^f-V >y7*J&*>h3 VVfc 
pBttk^- S-y7&fcfeS:$^fcJI#-f &£k 

[0 0 38] i/S. pScdK— ^ybk LTfci. Mgf) 
ffiCfc. #«coiI&7^£fl^&C:kan:-£6k#;i4> 
mtH. Be (^U'J^A) . Hg (*®) . Z 
n (SfS) , Cd (tfh'S^A) 3rk'£fflwc t&ifSr 

k Ltll C (gJSjl) &kV>#»co*m£ffl^l>£k# 

[00 3 9] ifcfc. 03 (b) fcffcU!:J:3fc, 
!";Mgl4 0 k Aul4 2 SrXyf-VT'fc.fc ORfci-f 

i^RJBtt?'. pIGaNl4(^Iii. Mg^gV^ 
«SrCK— tTV^SilTV**. .I<0,J:5fcMgJ14 Ok 
AuJi4 22rl^*-r-&C:ktJ:0. Zcrtfklzmfc? 

$Fmcr>?mmMz xtm . p'ig a n a 4 k p rams 

k coS fc: M g k . p ffliraPMRI < 

&Skv^fi[in#l^£ixfc. ZixlzMLX. *ftmz 
XtOi. Mg/I4 0 2^l&S-t5.rkfcJ: , ?. pffl0m«i<O 
tflff&Jffiirr* H"*t=» .Tft^O&jBil 
-Ikfc J: ot. *K0aU1B<o^ttfclt« 

[0 04 0] &fc. 03 (c ) fcSEL*:J:3fc, nlfflS 
«5£JB«W4. ftffcWfcli. i-f, P IGaNl4i: 
gttJi3*IS^Wfc:X-y^y^LT, nIGaN!2S: 
SitiS-frS. -E-LT. »CVD£fcJ:9S i 0 2 M7£ 
JHRU PEPa^v^^-->'/t?.. $£>fc. 
x**:x^fcJ:9ttas&^njeGaNJi20_LfcTi 



-y/U. 8 0 0t:T2 0Wggc07 7 7Xi7- 
-^iS-tdhfcriO. n^ti^5 5r^-rs. 
[0041] &fc. 03 (d) fc5?LfcJ;-pfc. pIIPI 
ffil3Sr^-T-5». ftffcfflfcli. pIGaNI4<0Sf 
COS iO 2 M7 2:PEP&fc:J:0v^-x^LTgS^- 
WfcBfc*-f£. *LT. HAJPl3ix*:pl>GaNJl4 

<d±iz. m^mmmt LxM&mmmizx K>mz 5 n 

mcONi (Xy^r/H Jg 1 3a£*tffiU £ *>fc. 

•y ^SfcJ: 0 1 TO (indium tin oxide) S H J!^ffil 3 

b SriJ. Ni (^.y^r/W) Jll 3aCDftb 

9fc. Pt RfcJBwcfc&v*. .r<0«k5fc. I 

TOll3b<0TCN i^Pt&k'cO&JKJf 1 3a!:S 

teTSHf-* Ik 

[0042] $£>fc. f (Au) LP EPS 

iz£ixj*?-->f r -tz>z.ki / z£-?x. \ rommm 
mi 3 bmmztitztfyr 4 ■ v e z&m- 

5. 

[0043] ZZX\ pMGa.fi mAcO&MI/ZmZtUz 
SiOji7«. tf^x-f • H 6C0TSBT-OIS 

nSGaNJI2£gfcftWfcSSai$1i:fcf*fc^j£UtS i 
0 2 ffit7(i. 113 ( c ) mf ( d ) fc^LfcJ: 3 fc:. 
3tS 3 tOGSrafr'Siai LT V ^4 * -tfflfl® fc t J^fiS^ tlX ±5 

[0044] 04t±. i^idfcUTW^nfc^ffrR 

( a ) f«sss-mffi8tiu mm(b) (±«gg-5t/^- 

H10fc«L7t^*co^«*^^Olfttt,^ 

[ 0 0 4 5 ] 04 ( a ) com^-MSimt^ frh k . ft 
*C0^<7)ilr&fc<i. 3sK;Uhfc*3t^af^ma[»j*«Jl 

s vry^rxh o . SE^tffirafc^aiESEwii^Ji** 

3^;PHci>V^T5SUT>"<7A J f#^^. 
t||SDfcff-5-cmg5{4SStfci*>±36 i -5TV^ . *SKBtf> 
fgW. fiSSffi^'3. 2 5UT>"<rco^cO«E* 5 ^ 
3. 2tf/Uhfc<£<, Sawo^kJtKLTlftf^Ea: 
i o %m±<gT-t S i k *<r§ . 

[004 6] 04 (b) <D?B£lt1±2r*£»k. * 
^BJcOg^(i. ft*kJt^T^til7J^liUTV^lk 
MUi. IS^^2 0 5UT^rfcfc(t4 
^ffiTJSr^St, ft*cOfgWiO. 455'J'7-yhT' 
h ScOfcJt LT . *^HJ(OS^T-{S 0 . 9 5 S U V v V 

tmhixx^h. cio«fcpfc. xmuzxtm. HMO 

[0047]^ *»9kDSBfc**<0»#»*li. 
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4 5ot/^-m^. ££>n, ^wn^^za 

^-f^ki^o^. $ ^>tc. pIGaN140«I 
LfcS3ffl±«ffiS 1 3 OftS&S 0 - 

MR h Z. k 1> iz . 

too48] uuj*aLfc x i tc. *muzttua:, p 

[0049]»:(:. #&bjjo^Wc^ti&bJ!-$-& . 
[oo50]i5«« i co^mmzm-t&tt 

mimx-hz. nm\.z&^x\±. miTj^mnzmLx 

mr&Lfc&tfkffi-O^frKii. H-co^zrfttTif 

m4oamiz. ¥ra£j£#T'&<. wtfroa^su o 

jWBjS3*tO*4. ZcoXoizLXh. ftemVltiLg) 

[0051] ztz. ^zzmmnwammi. 02k:wl 
Tffla utro-t* ttmmmiz lx z t ttx- 

^w-vKyBjau t^m.it^xwxm.b Liz 

#OCi#S5 1 0 £ & ZttfX'^h. 
[0 0 5 2] *3E#Wfci3Vvtfc. 01^raUTHU^t 
fctWkH«tc» «ttJI3a>£»aj£fi^3fc£*M^c3X 

-Ik 

[0053] $*>l:. *S3B0!fc .kixtf s -C-ii-Tix^ 

[oo54]»:t. *micom2<7>$a&miz'o\,->x3tm 

i o o 5 5 ] 06 *%m<?>&2co%Bmzm-t®± 
mwmx'foz. mmizn^x t . 0 17^^03 mm lt 

IB£Lrt:&#kl^-OgMH;:J;i. H— OflrWtLTB 
«B=5rlKBJti*BS-ri.. *^W=fcv^T(i. PlGaN 
I4^1t:, *#T3r < . 3tifcO* t^h5^r«« 
CittSBi lA^jSSixTv^. ;(Oi?t:U{.. fto 
IX 0 Si L#>^-r3r;b*> . fl-gBSWPSrKS-r S -I k Ifi 

[0056] =*3afw<onao#««>. H2(chu 

TflBfi Lfcro-bX k fiEBHttic LXBJSL-Th Z. k ifiX' 
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